Aim-Chemokines that play a primary role in active inflammation are increased in gastric mucosa infected with Helicobacter pylori. Cigarette smoking increases the risk of peptic ulcer disease and gastric cancer, whereas alcohol might exert an antibacterial role. The aim of this study was to examine the association between smoking or alcohol consumption and mucosal chemokine mRNA expression in H pylori associated gastritis. Methods-Gastric biopsy specimens were obtained from 46 patients with dyspepsia who were infected with H pylori, and total RNA was extracted. Semiquantitative reverse transcription-polymerase chain reaction (RT-PCR) was performed to quantify the mRNA expression of three C-X-C chemokines (interleukin 8 (IL-8), growth related oncogene (GRO ), epithelial neutrophil activating protein 78 (ENA-78)) and two C-C chemokines (regulated on activation normal T cell expressed and secreted (RANTES) and monocyte chemotactic protein 1 (MCP-1) ). Results-GRO and ENA-78 mRNA expression was significantly increased (p < 0.05) in 22 smokers compared with 24 non-smokers; however, no diVerence was seen in the expression of IL-8, RANTES, and MCP-1 mRNA. No diVerences were observed in chemokine mRNA expression in relation to alcohol consumption. Conclusions-The increased C-X-C chemokine mRNA expression seen in smokers might play a role in inducing enhanced inflammatory activity in gastritis and the consequent severe diseases associated with H pylori infection. (J Clin Pathol 2001;54:332-334) 
The chemokines are a family of inflammatory cytokines with leucocyte chemotactic and activating properties, which play a major role in regulating leucocyte populations migrating into tissues. The chemokine superfamily has been divided into two major subgroups: the C-X-C and the C-C chemokines.
1 C-X-C chemokines, which primarily aVect neutrophils, have been detected in higher concentrations in gastric mucosa infected with Helicobacter pylori. [2] [3] [4] Furthermore, semiquantitative analysis of C-X-C chemokine mRNA expression significantly correlates with the severity of gastritis. 5 Infection with cagA positive H pylori induces higher gastric C-X-C chemokine mRNA expression, which might be relevant to the increased mucosal damage associated with cagA positive strains. 5 The possible eVects of lifestyle factors have been studied in upper gastrointestinal diseases. Smoking is thought to aVect gastric mucosa adversely by several mechanisms, 6 and is a well established risk factor for peptic ulcer disease and gastric cancer. 6 7 On the other hand, recent studies have suggested a protective eVect of alcohol consumption in H pylori infection. 8 In the lungs, smoking has been linked to raised cellular cytokines, 9 but the eVects of lifestyle factors on gastric mucosal chemokine mRNA expression in H pylori infection have not been studied.
The aim of our study was to investigate whether smoking and alcohol consumption influence C-X-C chemokine mRNA expression in H pylori infected gastric mucosa. We studied three C-X-C chemokines: interleukin 8 (IL-8), growth related oncogene (GRO ), epithelial neutrophil activating protein 78 (ENA-78) and two C-C chemokines: regulated on activation normal T cell expressed and secreted (RANTES) and monocyte chemotactic protein 1 (MCP-1) using semiquantitative reverse transcription-polymerase chain reaction (RT-PCR).
Materials and methods

PATIENTS
Patients with dyspeptic symptoms who were to undergo upper gastrointestinal endoscopy at Leeds General Infirmary were enrolled prospectively into the study. Patients were excluded if they were taking steroids or nonsteroidal anti-inflammatory drugs or had received anti-ulcer agents or antibiotics during the two months before endoscopy. Infection with H pylori was confirmed by a rapid biopsy urease test and histology. A total of 83 patients underwent endoscopy. Forty six patients were infected with H pylori and hence eligible for inclusion. There were 23 men and 23 women and the mean age was 49.4 years (table 1). Smoking habit and weekly alcohol intake were recorded before endoscopy. Of the 46 patients, 22 patients were smokers and 14 patients regularly consumed alcohol (patients who drank occasionally-less than 2 units/week-were included in the non-drinker group). Among smokers, the average number of cigarettes consumed each day was 12.0. The average number of units of alcohol drunk each week by regular consumers was 10.7 units (1 unit equals 12 g of alcohol). With respect to age, sex, and cagA positivity, there was no significant diVerence between frequency of smoking and alcohol consumption.
The histological features were graded as described in the updated Sydney system by one pathologist (MFD). 10 In addition, polymorphonuclear (PMN) cell infiltration was graded using a visual analogue scale with units of 0 to 100. Two biopsy specimens obtained from the antrum were snap frozen and stored at −80°C until use. All subjects provided informed consent before their endoscopy. Our study was approved by the local clinical research ethics committee (Leeds General Infirmary).
SEMIQUANTITATIVE RT-PCR
Total RNA was extracted from the frozen biopsy specimens using Catrimox-14 TM (Iowa Biotechnology Corp, Iowa, USA). Each RNA sample was suspended in water containing 1 U/µl of RNasin TM (ribonuclease inhibitor; Promega, Southampton, UK). A 10 µl aliquot of each RNA solution was reverse transcribed using Random Primers TM (random hexamer; Promega). A 1 µl volume of the cDNA solution was added to 20 µl reaction mixture and 30 cycles (chemokines and glyceraldehyde 3-phosphate dehydrogenase (G3PDH; a house keeping gene)) or 40 cycles (cagA) of PCR were performed as described previously.
5 PCR products were electrophoresed in a 2% agarose gel. Quantities of chemokine PCR products were compared by densitometry, with G3PDH products as an internal control. The ratios of chemokine to G3PDH were calculated to express chemokine mRNA expression semiquantitatively. 5 
STATISTICAL ANALYSIS
Results of chemokine to G3PDH ratios were expressed as mean (SEM) and were compared by the two tailed t test. The degree of PMN infiltration was expressed as mean (SD) and results were also compared by the two tailed t test. DiVerences between characteristics of patient groups were compared by the two tailed t test or 2 test. Determinations of Pearson's correlation coeYcient were also made to examine the relation between the quantity of cigarettes and the scores of PMN infiltration or chemokine mRNA expression. A p value < 0.05 was considered to be significant. Table 2 summarises the ratios of chemokine to G3PDH mRNA expression. GRO and ENA-78 mRNA expression was significantly higher in smokers than in non-smokers (p < 0.05), whereas no diVerence was seen in IL-8, RANTES, and MCP-1 mRNA expression. The mean (SEM) ratio of GRO to G3PDH was 1.45 (0.12) in patients who smoked and 1.05 (0.14) in non-smoking patients (p < 0.05). The mean (SEM) ratio of ENA-78 to G3PDH was 1.07 (0.12) and 0.62 (0.17) in smokers and non-smokers, respectively (p < 0.05).
Results
Chemokine mRNA expression was also compared in patients with cagA positive infection. In the 27 cagA positive patients, mean (SEM) expression of ENA-78 mRNA in smokers was 1.38 (0.20) (n = 14), which was significantly higher than that of non-smokers (0.77 (0.18); p < 0.05; n = 13). Mean (SEM) expression of IL-8 and GRO mRNA was 1.52 (0.10) and 1.64 (0.16), respectively, in smokers with cagA positive infection. These values were higher than those seen in cagA positive non-smokers (mean (SEM) 1.45 (0.18) and 1.40 (0.16), respectively) but the diVerences were not significant. There was no significant correlation between the numbers of cigarettes and chemokine mRNA expression. The calculated correlation coeYcient were 0.094 (95% confidence interval (CI), −0.341 to 0.496) for IL-8, 0.065 (95% CI, −0.367 to 0.473) for GRO , and 0.065 (95% CI, −0.441 to 0.468) for ENA-78.
The expression of both RANTES and MCP-1 mRNA was similar in smokers with cagA positive or negative infection. No diVerence in chemokine mRNA expression was seen in the 14 patients who consumed alcohol and the 32 with no alcohol consumption (table 2).
The degree of PMN infiltration was higher in smokers: mean (SD) 34.3 (18.9) compared with 23.6 (16.9) for non-smokers (p < 0.05). The calculated correlation coeYcient between the quantity of cigarettes and PMN infiltration was 0.134 (95% CI, −0.304 to 0.526; not significant). Alcohol consumption was not associated with PMN infiltration. The mean (SD) degree of PMN infiltration was 29.0 (20.6) in alcohol consumers and 28.6 (17.7) in the nonconsumers.
Discussion
It is well established that smoking is associated with an increased risk of peptic ulcer disease and gastric cancer. 7 Several studies have investigated the mechanisms by which smoking might induce gastric mucosal injury. The potentiating eVects of smoking on gastritis caused by H pylori infection are thought to relate to the increased production of oxygen derived free radicals and a decrease in gastric mucus content. 6 8 Active H pylori gastritis is characterised histologically by an infiltration of PMNs, 10 which are a major source of oxygen derived free radicals. 11 In our previous study, the expression of mRNA encoding the C-X-C chemokines, GRO and ENA-78, positively correlated with PMN infiltration in H pylori positive gastric mucosa. 5 The increased expression of C-X-C chemokine mRNA in smokers could account for the increased PMN infiltration in their gastric mucosa. Infection with cagA positive H pylori is strongly associated with C-X-C chemokine expression. 5 In our study, however, within the group of cagA positive infected patients studied, smoking was also associated with increased ENA-78 mRNA expression but the increase of expression of other C-X-C chemokine mRNA was not significant. The limited sample size might preclude us from finding a significant diVerence in the expression of IL-8 or GRO mRNA.
The potentiation of H pylori cytotoxin activity by nicotine, 12 which is an important toxic component of smoking, might indirectly play a role in the induction of C-X-C chemokine expression. VacA has no direct eVect on the induction of epithelial chemokines by H pylori, 13 14 but it might promote epithelial damage, uptake of bacterial components, and thus stimulation of macrophages 15 and neutrophil chemokine production. 16 Furthermore, C-X-C chemokines can also activate neutrophils to produce reactive oxygen metabolites. 17 In smokers, the production of oxygen derived free radicals by peripheral PMNs is higher than in non-smokers. 18 19 In addition, smoking is known to inhibit the synthesis of gastric mucus and reduce plasma vitamin C concentrations, both of which are eVective scavengers of oxidants produced in the gastric mucosa. 20 These data suggest that oxygen derived free radicals might play a role in both gastric mucosal injury and oxidative DNA damage of gastric epithelial cells in smokers infected with H pylori.
Several studies have investigated the eVects of alcohol on H pylori infection. A recent study suggested a protective eVect of alcohol against active H pylori infection. 8 This eVect might relate to the antimicrobial eVects of alcohol. 21 In our present study, gastric mucosal C-X-C chemokine mRNA expression did not diVer between those who did or did not consume alcohol, despite the fact that 10 of the 14 drinkers were smokers. Although these results might suggest that alcohol consumption decreases C-X-C chemokine expression, the number of patients was insuYcient for further subgroup analysis.
In conclusion, we have demonstrated an association between smoking and raised gastric C-X-C chemokine expression in H pylori associated gastritis. Increased chemokines might exacerbate the severity of gastritis and aVect the disease outcome in smokers infected with H pylori.
However, other potential confounding factors, such as dietary antioxidant consumption, should be studied to elucidate the eVects of lifestyle on H pylori associated gastritis.
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